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ABSTRACT 
Using ab initio approach the self-diffusion mechanisms in 
both B2-TiNi and γ-TiAl alloys are investigated. It is 
shown that in TiNi self-diffusion is dominated by Ni six-
jump cycle [001] mechanism but the contribution of the 
next-nearest-neighbor mechanism becomes important with 
temperature increase. In TiAl the diffusion within own 
sublattice is found to be preferential with Ti as faster 
diffuser. The common trends in the oxygen diffusion in 
both alloys are discussed. 
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INTRODUCTION 

The understanding of the Ti-based alloys oxidation at 
microscopic level is very important for their technology 
applications. It is well-known that the biocompatibility of 
TiNi is resulted from the formation of thin passive TiO2 
layers on alloy surface. Since both Ti and Al have affinity 
to oxygen, the formation of mixed oxide layers is a reason 
of TiAl low oxidation resistance. The increase of Al 
diffusivity and decrease of O vacancies formation could be 
useful to enhance the formation of protective Al2O3 layers 
on TiAl surface. Thus, the control of alloy component 
diffusivity and surface oxidation is vital problem for both 
Ti-based alloys. However, these phenomena are far from 
complete understanding. The goal of this work is the 
comparative study of self-diffusion mechanisms and 
oxygen diffusion in both B2-TiNi and γ-TiAl. 

RESULTS AND DISCUSSION 

It is known that all atomic diffusion mechanisms such as 
jumps to nearest-neighbor (NN) or next-nearest-neighbor 
(NNN) sites, four- or six-jump cycles (4JC and 6JC), 
antistructural bridge (ASB), require existence of vacancy 
and/or antistructural atoms. Atomic diffusion in TiNi is 
dominated by Ni atoms because Ni-vacancy formation 
energy (Ef) is substantial lower than that for Ti one. Our 
calculations by the projector augmented-wave method 
confirm this fact: the obtained Ef values of 1.14 eV and 
1.75 eV for Ni and Ti vacancies are in good agreement 
with earlier results [Lu, 2007] but remain higher than the 
experimental ones [Weber, 2014]. The migration barrier 
energies (Em) for atom diffusion along different paths were 
estimated by using the Climbing Image Nudged Elastic 
Band method. The activation energies, which are sum of Ef 

and Em energies, are summarized in Figure 1 for 
considered self-diffusion mechanisms. It is seen that the 
lowest migration barrier of 0.82 eV (1.272 eV [Lutton, 
1991]) corresponds to the 6JC [001] mechanism that 
agrees well with the experimental value of 0.87 eV 
[Kołodziej, 1992]. The difference between 6JC [001] bent 
and flat mechanism is negligible. The migration barrier for 
4JC flat mechanism being insignificantly higher (by  
~0.27 eV) than that for the 6JC [001] one, remains lower 
by 0.54 eV than the barrier for NNN diffusion. In contract 
to B2-NiAl alloy [Mishin, 1998] the difference in 
activation volumes (VD) for considered self-diffusion 
mechanisms is enough small (Figure 1) and the VD values 
do not contradict experiments [Erdélyi, 2000]. We 
demonstrate that with increase of temperature the 
contribution of NNN mechanism becomes more 
pronounced due to following reasons: (i) the difference in 
the activation energies becomes not so important; (ii) the 
chance to complete several-jump cycle decreases because 
the probabilities of “right” jumps, reverse jumps and the 
jumps destroying the cycle become almost equal. Finally, 
we show that the Ni atom jump from the TiNi/TiO2 
interfacial layers towards the alloy bulk takes by ~1 eV 
less energy than reverse jump within NNN mechanism. 
In case of γ-TiAl alloy with tetragonal structure L10, 
diffusion of both components takes place by jumps into the 
nearest-neighbor sites along own sublattices. This 
mechanism is known as sublattice self-diffusion (SSD). 
Contrary to TiNi the effective formation energy of Ti-
vacancy (1.73 eV, experiment – 1.38 eV [Kroll, 1992]) is 
lower than that of Al (2.12 eV). At the same time the 
migration barrier for Al atom is lower by ~0.1 eV than that 
for Ti one within SSD mechanism. So, the activation 
energies for diffusion of Ti and Al atoms are 2.76 eV and 
3.06 eV, respectively. The former value is quite close to 
experimental one (2.59-3.03 eV [Kroll, 1992], [Herzig, 
1998]) but the difference in the activation energies for both 
atoms is substantial lower in comparison with experiment 

 
Figure 1: The activation energies and volumes for some 

self-diffusion mechanisms in TiNi. 



(1.14 eV [Herzig, 1998]). Note that within SSD 
mechanism the atom jumps occur only along Ti or Al 
layers providing diffusion in the (001) plane (Figure 2a) 
whereas ASB mechanism can operate along c axis at 
deviation from stoichiometric composition and high 
temperatures. We demonstrate that this mechanism with 
migration energy of 0.711 eV is preferential for Ti 
diffusion in the Ti-rich limit only.  
Several words should be said about oxygen absorption and 
diffusion in both Ti-based alloys. The calculations indicate 
that oxygen prefers to be absorbed in the Ti-rich 
octahedral O1-site in both alloys (Figure 2). The difference 
in absorption energies between O1 and O2 (Al- or Ni-rich 
site) reaches 0.95 and 1.73 eV in TiAl and TiNi, 
respectively. The oxygen shifts from tetrahedral T-site into 
O-site in TiNi whereas these sites can be occupied by 
oxygen in TiAl alloy. The calculated migration barriers for 
O diffusion between different sites (Figure 2) are given in 
Table 1. The migration paths of an O atom in TiAl can be 
divided into three groups: I, in the (001) plane; II, along 
the [00-1] direction; and III, the paths between sites which 
lie in different (001) planes but not one below another 
exactly. However, there are only two paths between O1-
sites which can be considered in B2-TiNi (Figure 2b). The 
migration barrier for O diffusion along the path 1→3 is by 
~0.6 eV lower than along path 1→2. In TiNi the values of 
migration barriers for the O atom are significantly lower 
than between the Ti-rich O1-sites along (001) plane in 
TiAl (3.02 eV). However, the migration barriers between 
the Al-rich O2-sites or T-sites along (001) plane are 
significantly lower (Table 1). It is seen from Table 1 that 
oxygen diffusion along the c axis is energetically favorable 
along O1→T path rather than along O1→O2 one. The 
preferential diffusion path of oxygen in this [00-1] 
direction passes through tetrahedral interstices crossing the 
aluminum layer and through an octahedral interstice in the 
titanium layer. In general, the migration barriers along 
preferential paths are comparable in both alloys. At the 
same time in TiAl the Ti-rich sites can trap oxygen that 
provides the initial stage of TiO2 scale growth.  

CONCLUSION 

We investigated the mechanisms of the self-diffusion and 
the O diffusion in both TiNi and TiAl alloys. It was found 
that the migration barrier of 0.82 eV for the 6JC [001] bent 
mechanism of Ni vacancy diffusion is the lowest one 
among considered mechanisms in TiNi. We demonstrate 
that with temperature increasing the contribution of NNN 
mechanism becomes more pronounced. Contrary to TiNi 
in case of γ-TiAl alloy the jumps of both metal atoms into 
the nearest-neighbor sites along own sublattices are 

preferred and Ti is faster diffuser. It was found that the O 
atom prefers to be absorbed in the Ti-rich octahedral sites 
in both Ti-based alloys. Since the sorption of oxygen in 
Ni-rich sites in TiNi takes more energy it prefers to avoid 
them. In general, the key barriers for O diffusion along 
preferential paths are comparable.  
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Figure 2: Oxygen diffusion paths in TiNi (a) and TiAl (b). 

I (001) O1→O1 O2→O2 T→T 
TiAl 3.02 0.10 0.81 
TiNi 1.76 – – 

II [00-1] O1→O1 T→O3→T T→O4→T 
TiAl – 0.08 2.17 
TiNi 1.76 – – 

III-mixed O1→O2 
O1→O1 

O1→T 
(T→O1) 

O2→T 
(T→O2) 

TiAl 1.64 1.15 (0.30) 0.29 (0.19) 
TiNi 1.14 – – 

Table 1: The oxygen migration barriers (in eV) in TiAl and 
TiNi. The barriers for back diffusion are given in brackets. 


